Serological studies (complement-fixation, immunofluorescent and plaque reduction neutralization) were carried out with 50 vertebrate rhabdoviruses to determine their antigenic relationships. On the basis of these studies, an antigenic classification of rhabdoviruses infecting terrestrial vertebrates is proposed. This classification includes three major and four minor serogroups. Several new members of the vesicular stomatitis serogroup were identified.
INTRODUCTION
Viruses included in the family Rhabdoviridae are associated with a wide variety of plant and animal species. In a recent review, Brown et al. (1979) listed 75 rhabdoviruses which infect vertebrates, invertebrates and plants. Of this total, 39 are known to infect terrestrial vertebrates, either naturally or experimentally. Seven of the vertebrate rhabdoviruses (vesicular stomatitis Indiana, vesicular stomatitis New Jersey, vesicular stomatitis Alagoas, Cocal, Piry, Chandipura and Isfahan) comprise the genus Vesiculovirus (Brown et aL 1979) . These seven agents are serologically related (Tesh et al., 1977) . Six other antigenicaUy related viruses (rabies, Duvenhage, Kotonkan, Lagos bat, Mokola and Obodhiang) are included in the genus Lyssavirus (Brown et al., 1979) . The remaining 26 vertebrate rhabdoviruses were unclassified.
Since 1979, a number of new animal rhabdoviruses have been identified. In order to classify these new agents, we carried out serological tests comparing 50 rhabdoviruses known to infect terrestrial vertebrates. This paper reports our results and describes the antigenic relationship among these viruses.
METHODS
Viruses. Table 1 lists the 50 virus strains used in this study. It also gives the species and country of origin of each strain. In studies with bovine ephemeral fever, vesicular stomatitis Alagoas and Gray Lodge viruses, only their antisera were tested. Stocks of the remaining 47 rhabdoviruses were prepared from infected newborn mouse brain or infected Vero cells. These virus stocks were used to prepare antigens and for plaque reduction neutralization tests (PRNT).
Antigens. Antigens for use in complement-fixation (CF) tests and for immunizing animals were prepared from infected newborn mouse brains. Most of the complement-fixing antigens were 10% crude mouse brain suspensions in veronal-buffered saline, pH 7.2 to 7.4. The remainder were prepared by the sucrose-acetone extraction method (Clarke & Casals, 1958) . lmmune reagents. Specific hyperimmune mouse ascitic fluids were prepared against each of the viruses listed in Table 1 . The immunization schedule consisted of four intraperitoneal injections given at weekly intervals. Mouse brain antigens were mixed with equal volumes of Freund's complete adjuvant just prior to inoculation. Sarcoma 180 cells were also given intraperitoneally with the final immunization in order to induce aseites formation.
Serological tests. CF tests were done according to a microtechnique modified from Fulton & Dumbell (1946) , using 2 full units of guinea-pig complement. Each antigen was tested against all 50 antisera. Titres were recorded as the highest dilutions giving 3 + or 4 + fixation of complement on a scale of 0 to 4 +. Positive heterologous reactions were repeated at least twice to confirm the results. t Antiserum only was tested. Table 2 .
Results of complement-fixation tests with selected vertebrate rhabdoviruses
Immune serum PRNT were performed in microplate cultures of Vero cells, using a fixed virus inocutum (50 to 120 p.f.u.) against varying antiserum dilutions. After heat inactivation (56 °C for 30 min), antisera were prepared in twofold serial dilutions (beginning at 1:10) in phosphate-buffered saline pH 7.2, containing 0.5 ~ gelatin. Antiserumvirus mixtures were incubated overnight at 5 °C prior to inoculation. Two microplate wells were inoculated with each antiserum dilution. The highest antiserum dilution producing > 95 ~ plaque inhibition was recorded as the endpoint.
Immunofluorescent technique. An indirect fluorescent antibody test (IFAT) was performed with selected viruses, using the appropriate hyperimmune mouse ascitic fluids and fluorescein isothiocyanate-conjugated goat antimouse immunoglobulin (Riggs, 1979) . Ascitic fluids were prepared in twofold dilutions from 1 : 10 to 1 : 1280. Infected Vero cells, grown in eight-chamber Lab-Tech tissue culture slides (Miles Laboratories) served as antigen.
RESULTS AND DISCUSSION
Results of cross-CF tests between the various rhabdovirus antigens and immune ascitic fluids are given in Tables 2, 5, 6 and 7. Because of the large number of reagents tested, it was not feasible to list all results on a single table. Therefore, we have divided the CF results into four tables, attempting to group the viruses according to their observed antigenic relationships. It should be noted, however, that only a portion of the results are shown in these tables. Most of the antigens were tested against 50 different immune ascitic fluids. In order to simplify the tables, many of the negative reactions are not shown. Table 2 shows cross-CF results obtained with 13 rhabdoviruses which reacted with one or more members of the vesicular stomatitis (VS) serogroup. The VS group (genus Vesiculovirus) presently consists of seven members: VS New Jersey, VS Indiana, Cocal, VS Alagoas, Piry, Chandipura and Isfahan (Brown et al., 1979) . The antigenic relationship among these seven viruses has been reported previously (Tesh et al., 1977; Nozawa & Andrade, 1978; Frazier & Shope, 1979 ). An eighth virus, VS Argentina, has also been described in the literature (Brown et al., 1979) as a member of the genus Vesiculovirus; however, we regard this agent as a strain of Cocal virus. By the CF method, Jurona, Jug Bogdanovac, La Joya, Porton-S, Perinet and Keuraliba were each related to two or more members of the VS serogroup.
In an attempt to confirm these relationships, immunofluorescent and neutralization studies were done with 11 of the aforementioned viruses and antisera. The results are shown in Tables 3  and 4 . La Joya and Porton-S viruses did not grow in Vero cells and thus were not included in these studies. By IFAT, antigenic relationships were again demonstrated between VS New Jersey, VS Indiana, VS Alagoas, Cocal, Jurona, Piry, Chandipura, Isfahan and Jug Bogdanovac (Table 3) . The relationship of Perinet and Keuraliba with these viruses (Table 2) was not confirmed by IFAT. Results of PRNT (Table 4) were more specific than either CF or IFAT; nonetheless, Jug Bogdanovac virus was neutralized by VS Indiana antiserum, and Chandipura and Isfahan viruses were neutralized by Jurona antiserum. Until recently, Jurona was considered to be a bunyavirus on the basis of a weak reaction of Jurona antigen with Bunyamwera grouping serum in a haemagglutination-inhibition test (Berge, 1975) . However, recent examination of Jurona virus by electron microscopy revealed bullet-shaped morphology (R. Araujo, personal communication). For this reason, Jurona virus was included in our study.
Results shown in Tables 2, 3 and 4 indicate that Jurona and Jug Bogdanovac are clearly new members of the vesicular stomatitis serogroup and that La Joya, Porton-S, Perinet and Keuraliba are probably members of the group. Additional studies are needed to determine if these viruses have the same biochemical characteristics as other members of the genus Vesiculovirus. Table 5 gives cross-CF test results obtained with 16 additional rhabdovirus antigens. The first six viruses (rabies, Lagos bat, Mokola, Duvenhage, Obodhiang and Kotonkan comprise the rabies serogroup (genus Lyssavirus). The antigenic relationship among these viruses has been described before (Bauer & Murphy, 1975; Tignor et al., 1977) . Interestingly, Lagos bat virus antigen also reacted with bovine ephemeral fever antiserum. Since bovine ephemeral fever virus is a restricted agent in the United States, we were unable to check the reciprocal reaction and to confirm their relationship. However, further study of this apparent relationship seems warranted. Table 6 shows CF test results with 11 other rhabdoviruses. By this method, Hart Park, (Berge, 1975) . The antigenic relationship between these three viruses has been noted previously (Berge, 1975; Frazier & Shope, 1979) . Sawgrass, New Minto and Connecticut viruses form another antigenic group (Table 6 ). These three agents have been associated with hard ticks in the United States. Their antigenic relationship was reported earlier by Main & Carey (1980) . Kwatta and Be An 157575 are practically indistinguishable by the CF method (Table 6 ). These viruses, which were isolated in Surinam and Northern Brazil respectively, may actually represent strains of the same virus agent.
Timbo, Chaco and Sena Madureira form another antigenic group (Table 6 ). These three viruses were isolated from a single lizard species (Ameiva ameiva) at different localities in the Amazon River Basin. The antigenic relationship between Timbo and Chaco has been reported previously (Causey et al., 1966; Monath et al., 1979) . The addition of Sena Madureira to the group is new. Table 7 shows cross-CF results with eight rhabdovirus antigens (Mossuril, Kamese, Charleville, Bangoran, Barur, Cuiaba, Kern Canyon and Marco) which reacted with Charleville antiserum. Recent studies of Charleville virus by electron microscopy indicates that it has bulletshaped morphology (S. G. Whitfield, personal communication). Although not shown in this table, Flanders antigen also reacted with the Charleville antiserum (titre 8/128). Interestingly, Hart Park did not. Except for their relationship to Chadeville, these viruses have little else in common; they have come from a wide variety of animal species and from diverse geographic localities (Table 1) . Table 5 . Table 6 . Antigenic relationship among rhabdoviruses 
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